Introduction

48
Human body water accounts for 50-70% of body mass, depending on body composition, but despite this 49 abundance, body water is regulated within narrow ranges. Euhydration is defined as a body mass within ± 50 0.2% of normal in temperate environments and ± 0.5% of normal in hot environments or during exercise
51
(18), with hyper or hypohydration occurring above or below these limits. Both large reductions and large 52 increases in body water can lead to adverse health consequences. If combined with high ambient 53 temperature and humidity, hypohydration can result in heat syncope due to venous pooling and reduced 54 blood flow to the brain (3) and heat exhaustion due to hypotension and central fatigue (27) . Exertional heat 55 stroke may occur due to high levels of metabolic heat production, an inability to dissipate heat or a 56 combination of both factors. This leads to large increases in core body temperature and initial symptoms 57 such as central nervous system dysfunction which, if allowed to progress, can lead to systemic 58 inflammation that can be fatal (29). Over-hydration may occur due to excessive ingestion of hypotonic 59 fluids, an electrolyte deficit and/or a failure of the renal system to compensate for these disturbances (19).
60
If extracellular fluid sodium concentration significantly reduces, water is moved from the interstitial to the 
65
During exercise, increased metabolic heat production causes an increase in core temperature and initiation 66 of evaporative cooling in an attempt to limit the rise in core temperature. If fluid ingestion is less than fluid 67 loss, hypohydration develops and is commonly present at the end of exercise bouts. In such situations, 68 post-exercise fluid ingestion is necessary to restore fluid balance. Whilst current guidelines (49, 59) 69 recommend structured rehydration only if the time between exercise sessions is short (i.e. <24 hours) or 70 the extent of hypohydration is large (i.e. >5% body mass), the prevalence of urine hyperosmolality at the 71 start of exercise sessions in athletes training on a daily basis (34, 37, 38, 63) 
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needed to restore and maintain fluid balance after exercise, as thirst-driven fluid intake is often inadequate 84 to restore water balance in the short term (58), even when fluid is ingested with a meal (6). This mini-85 review is focused on rehydration strategies for such situations in humans.
87
Post-exercise rehydration has been the subject of several previous reviews (53, 55), but a full review on this 88 topic has not been undertaken for some time despite a significant volume of new work emerging. The aim 89 of this review is therefore to summarize the current research and advise on the restoration and 90 maintenance of fluid balance after exercise-induced dehydration.
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Most of the studies included in this mini-review have followed a format similar to that outlined by 
107
Since fluid must be ingested to restore body water when hypohydrated, the volume of drink consumed is 108 critical for ensuring a return to euhydration. Exercise in the heat leads to a marked reduction in plasma 109 volume and increase in plasma osmolality which is, at least in part, due to hypohydration resulting from 
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Sodium
Sodium is the main cation in the extracellular fluid and, therefore, has a large effect on plasma osmolality.
153
It is also the most abundant electrolyte in sweat, with a typical range of 20-80 mmol/L (2). Consequently,
154
much research has focused on the sodium content of post-exercise rehydration drinks. Shirreffs et al. (60) 155 observed an interaction between drink volume, drink sodium content and whole body rehydration. 
185
The interpretation of the studies reviewed is complicated by the presence of chloride in drinks in some 186 studies, but not others. As the major anion in the extracellular space, the inclusion of chloride in drinks 
251
Alcohol
252
Alcohol has a well-recognised diuretic effect (11). This is largely thought to be due to a direct effect of 
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The available evidence outlined suggests that the addition of small amounts of alcohol to rehydration 288 drinks is unlikely to inhibit the rehydration process although this is unlikely to be recommended between 289 bouts of exercise on the same day. commercially-available sports drink or a solid meal with flavored water. This study was designed so that 302 water ingestion (from food and fluids) was exactly 150% of body mass loss during exercise in both trials.
303
Fluid retention after the six hour recovery period was greater when plain water was ingested with a solid 304 meal, and this difference was attributed to the greater electrolyte intake in this trial. Ray et al. (47) 305 dehydrated participants by 2.5% body mass before a two hour rehydration period, which consisted of 306 ingestion of water, a carbohydrate-electrolyte drink, chicken broth or chicken noodle soup. Water intake 
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Although more work is needed in this area, these results suggest that water is likely to be an effective 318 rehydration drink when ingested alongside solid food, provided a sufficient volume of fluid is ingested.
320
Conclusion
321
Given the effect of hypohydration on physiological function and exercise performance, an appropriate post- 
328
To achieve effective restoration of body water and to retain ingested water, electrolytes lost in sweat must 329 also be replaced. The addition of sodium at a concentration greater than that of sweat appears to be 
336
Milk appears to be an effective rehydration drink because of its sodium, carbohydrate and protein content.
337
The addition of small amounts of alcohol to a rehydration drink does not appear to adversely affect the 338 rehydration process, but drinks with more than 2% alcohol are likely to impair rehydration.
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While plain water is not considered to be an effective rehydration drink when consumed on its own, it is 341 likely to be effective if consumed with a meal which contains adequate electrolytes. This is an area that 342 requires further investigation. 
